A spiral shaped bacterium was seen in smears and histological sections (stained by carbolfuchsin) of gastric, ileal and caecal mucosa as well as in stool smears from mice. A significant correlation between the presence of the spiral bacterium and the occurrence of gastritis was observed but the ileal and caecal mucosa seemed unaffected. The bacterium was Gram negative and grew on BHM and Skirrow's medium, under microaerophilic conditions, at 37°C. Its major biochemical characteristics included positive catalase and oxidase reactions and a rapidly positive urease test. There were 2 or 3 spiral turns per cell and a tuft of up to 12 sheathed flagella on each pointed end. Entwined, braided periplasmic fibrils covered the surface of the cell. This spiral bacterium seemed to be part of the normal intestinal flora but was associated with gastritis.
mouse gastric mucosa, nor related histological changes. However, mice have been inoculated with a variety of gastric spiral bacteria from man and other animals to maintain the organisms in vivo and to gain information about their microbiological characteristics and pathological effects (Dick et 01., 1989; Fox & Lee, 1989) .
In preliminary studies to evaluate the mouse as an experimental model of Gastrospirillum suis-associated gastritis (Queiroz et 01., 1990;  Mendes et 01., 1990a), we observed a naturally occurring spiral microorganism in the gastric mucosa of some mice associated with an inflammatory reaction (Mendes et 01., 1990b) . Since this spiral bacterium was morphologically similar to that described previously in caecal and ileal mucosa of mice (Phillips & Lee, 1983) , we decided to investigate its presence throughout the stomach and intestines of mice and the associated histological changes.
Materials and methods Animals
Eighty BALB/c mice (6-8 weeks old) were obtained from several different colonies kept in the animal house of the Faculdade de Medicina/UFMG, Hertape Laboratory and Fundapio Ezequiel Dias (FUNED), Brazil.
Animals were killed by spinal (cervical) dislocation.
The stomachs were opened longitudinally along the greater curvature and washed in 0·85% saline. Specimens of the gastric wall from the antral and the oxyntic regions were collected from 80 animals for microbiological examination and from 57 for histology. The ileum and caecum of 50 animals were also opened longitudinally, washed in O' 85% saline and fragments were taken for microbiological and histological examination. Stool samples from 33 mice were also evaluated.
Microbiology
Fragments of the gastric, ileal and caecal mucosa and stool specimens were employed to detect preformed urease in Christensen's urea broth supplemented with Vancomycin (6 mg/l), Nalidixic acid (20 mg/l) and Amphotericin B (2 mg/l). The broth tubes were inoculated, incubated at 37°C and observed at intervals up to 12 hand then at 24 h (Queiroz et aI., 1990) .
Specimens of gut mucosa and faeces were also smeared on glass slides, heat fixed, stained with 40070carbolfuchsin and examined microscopically to detect the presence of spiral bacteria.
Specimens of the gastric, ileal and caecal mucosa as well as of the faeces of some animals were kept in thioglycollate broth at 4°C for up to 2 h. When spiral bacteria were seen in the stained smears the equivalent samples placed in thioglycollate were inoculated onto plates containing Belo Horizonte medium (Queiroz et al., 1987) or Skirrow's medium (phillips & Lee, 1983) . Plates were incubated at 37°C in microaerophilic conditions for up to 7 days. Carbolfuchsin stained smears, catalase, oxidase and rapid urease tests were performed on all isolates.
Histology
Fragments of the gastric and intestinal walls were fixed in Bouin's fluid for 18 h, dehydrated through graded alcohols to xylol and embedded in paraffin wax. Sections (4 Jtm) from each region were stained by carbolfuchsin for the identification of spiral microorganisms (Rocha et al., 1989) and by haematoxylin and eosin for histological examination. Gastric mucosa was regarded as normal when no inflammatory cells were observed or when only a few mononuclear cells were present in the basal region of the 289 mucosa without any epithelial changes. Ileal mucosa was taken as normal when there was a mild to moderate infiltration of mononuclear cells and scarce granulocytes in the upper third of the lamina propria; lymphoid follicles were occasionally present. Caecal mucosa was regarded as normal when there was a mild infiltration of mononuclear cells in the lamina propria, rare granulocytes and occasional lymphoid follicles.
Electron microscopy
Three to 4-day-old cultures of spiral bacteria isolated from each mucosae sample were washed 3 times in O' 85% saline. After centrifugation each pellet was diluted in O' 85% saline (equivalent to a McFarland No. 1 standard, approximately 3 x 10 8 organisms per ml). One drop of the suspension was applied to formvar-coated 300mesh copper grids for 1 min. Excess fluid was removed and replaced with a drop of 1% (w/v) phosphotungstic acid, adjusted to pH 7, 2 with NaOH, which was then removed immediately.
Statistical analysis
The two-tailed x-Square test was applied and the results were considered significant when P<0,05.
Results
Characteristic spiral shaped bacteria were detected in carbolfuchsin stained smears from the gastric mucosa of 62· 5% (50/80) of the mice (Fig. 1 ), but the incidence varied from 5 % to 100% in mice from different colonies. In 84' 2070 of bacterium-positive mice, the urease test was positive. The microorganism was found in the ileum of 64% (32/50) and 23 (71'8%) were urease positive. All (50/50) of the caecum samples contained the spiral organism and 39 (78%) were urease positive. 100% (30/30) of the faeces samples examined were positive for both organism and the urease test.
Microbiology
The microorganism grew on Skirrow's medium and on BHM as a fine spreading film. The growth became apparent after 3 to 4 days of incubation. Although both Skirrow's medium Hg. 1. Large numbers of spiral bacteria in a carbolfuchsin stained smear from mouse gastric mucosa. Bar = 2 I'm.
and BHM are selective, contaminants made it difficult to subculture the microorganism which was a Gram negative, spiral shaped rod with pointed ends, catalase and oxidase positive reactions and a rapidly positive urease test. In a wet mount preparation the microorganism was motile by a corkscrew-like motion. Methylene blue staining revealed one or more volutin granules (polyphosphates) in the cytoplasm. Samples were stored in sodium thioglycollate, in liquid N 2 , and remained viable for at least one month.
Electron microscopy
The bacterium was spiral shaped, with 2 or 3 turns per cell and a tuft of up to 12 sheathed flagella without terminal bulbs on each pointed end (Fig. 2) . It was entwined with braided peri plasmic fibrils which covered the entire surface of the cell (Fig. 3) . In some preparations large electron dense granules could be seen.
Histology
In histological sections stained by carbolfuchsin the bacterium was seen beneath the mucus, in the gastric pits ( Fig. 4) and inside the glands. A significant correlation was observed between the presence of the spiral bacteria on the gastric •'ig. 4. A section (carbolfuchsin staining) of the antral mucosa in the stomach of a mouse with a large number of spiral bacteria. Bar = 2~m. . 291 mucosa and the gastric inflammatory response in both antral (x 2 = 6, 93; P = O·008) and oxyntic (x 2 =5'29;
P=O'021) mucosa. The intensity of the inflammatory reaction (Fig. 5) varied from mild infiltration of mononuclear cells and granulocytes in the basal region of the mucosa without associated epithelial changes to an intense and diffuse infiltration in the superficial half of the lamina propria and sometimes within the glands (microabscesses)with focal epithelial degeneration in some cases.
Ileal and caecal mucosa appeared normal in all mice, whether or not the spiral bacterium was found.
Discussion
The presence of spiral bacteria on the gastric mucosa of mammalian species was reported at the end of the last century (Salomon, 1896) . However, interest in gastric microbiology and histopathology increased only after Warren and Marshall (1983) described a spiral bacterium, now named Helicobacter pylori, associated with gastritis in humans. There is now strong evidence that H. pylori is the major cause of human gastritis and plays an important role in the pathogenesis of ulcers (Graham, 1989) . More recently, another spiral bacterium, named Gastrospirillum hominis, was found in the gastric mucosa of patients with gastric symptoms (Dent et al., 1987) . This tightly spiralled microorga'nism was morphologically different from H. pylori (Heilman & Borchard, 1991) but similar to the spirilla that have been described in some animals such as cat ), dog (Henry et al., 1987 , rhesus monkey (Reed & Berridge, 1988) and baboon (Curry et aI., 1987) . In these animals, however, tightly spiralled bacteria were not associated with leukocyte infiltration and were, therefore, probably normal inhabitants Of the fundic glands. Conversely, inflamed gastric mucosa has been reported in ferrets spontaneously infected with H. mustelae (Fox et al., 1990) and in rhesus monkeys naturally colonized with H. pylori-like organisms (Dubois et al., 1991) . Pigs also seem to have had antral gastritis associated with the presence of spiral bacteria (Queiroz et 01., 1990) .
We have reported here a spiral bacterium morpholojically and biochemically similar to that previously described in mouse intestinal mucosa by Phillips & Lee (1983) , but here associated with an inflammatory response in both antral and oxyntic gastric mucosa of mice. The histological changes, characterized by mono and polymorphonuclear leukocytes, closely resembled those in human antral mucosa colonized by H. pylori. Histopathological changes observed in germ free piglets (Krakowka et 01., 1987; Lambert et 01., 1987) , dogs (Radin et 01., 1990) and non-human primates (Dubois et 01., 1991) , the only animal models available currently for study of H. pylori-associated gastritis, do not mimic the human infection (Fox et al., 1991) . Hence the mouse, naturally colonized by spiral bacteria, is a good candidate animal model for future research on the pathogenesis of spiral bacteria-associated gastritis. Furthermore, since the mouse spiral bacterium can be cultivated it could be employed to colonise mice experimentally. Another advantage of this model is that the maintenance of conventional laboratory mice is easy and cheap. This is the first report of a spiral bacterium which colonizes both gastric and intestinal mucosa. This is a peculiar feature since gastric spiral bacteria usually have a marked trophism for the gastric environment.
H. pylori for example can colonize other gut regions, such as duodenum, but only in areas of gastric metaplasia (Wyatt et al., 1987) .
As mouse ileal and caecal mucosa did not respond histologically to the presence of the bacterium and all mice tested carried the spiral microorganism in their caecum and faeces, the bacterium seems to be part of the normal flora of the mouse intestine. It is probable that the bacterium from the intestine occasionally colonizes gastric mucosa because it has the ability to survive in the gastric environment. Indeed, the mouse spiral bacterium shares certain characteristics with other microorganisms that colonize gastric mucosa. All of them are microaerophilic and flagellated and have a spiral morphology that facilitates penetration into the viscous mucus layer and localization on the gastric mucosal surface. Furthermore, they have a high urease activity that can protect them against gastric acidity and so promotes colonization .
However, since the mouse spiral bacterium has provoked a gastric inflammatory reaction, it seems not to be so adapted to the gastric mucosa as it is to the intestinal mucosa.
